Our Docket No.: 5882P063 
Express Mail No.: EV339914798US 



UTILITY APPLICATION FOR UNITED STATES PATENT 

FOR 

STRUCTURE OF HIGH VOLTAGE DEVICE AND LOW VOLTAGE DEVICE, AND 
METHOD OF MANUFACTURING THE SAME 



Inventor(s): 
Dae Woo Lee 
Tae Moon Roh 
Yil SukYang 
II Yong Park 
Byoung Gon Yu 
Jong Dae Kim 



Blakely, Sokoloff, Taylor & Zafman LLP 
12400 Wilshire Boulevard, 7th Floor 
Los Angeles, CA 90025 
Telephone: (310)207-3800 



STRUCTURES OF HIGH VOLTAGE DEVICE AND LOW VOLTAGE 
DEVICE, AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a pixel of an organic 
electroluminescent display (ELD), in particular to structures of a high voltage 
device and a low voltage device using steps of silicon element regions in a 
silicon-on-insulator (SOI) and a method for manufacturing the same. 

DESCRIPTION OF THE PRIOR ART 

Fig. 1 is a cross sectional view for explaining structures of a high 
voltage device and a low voltage device in accordance with the prior art. The 
15 high voltage device used for pixels of an inorganic ELD has been 
manufactured by using the SOI substrate having a silicon element region with 
relatively thin thickness in order to obtain low junction capacitance. 
Referring to Fig. 1, the structure of the high voltage device and the low 
voltage device used for pixels of the inorganic ELD in accordance with the 
20 prior art consists of p- wells 114 and 118, a drift region 116, gate oxidation 
films 126 and 128, gate electrodes 130a and 130b, source/drain regions 136a, 
136b, 136c, and 136d, and source/drain electrodes 140a, 140b, 142a, and 142b 
on a lower substrate 100 and a buried oxidation film 102 of the SOI substrate. 

In the high voltage device and the low voltage device in accordance 
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with the prior art as shown in Fig. 1, the junction depth of source regions 136a 
and 136c and drain regions 136b and 136d is equal to a thickness of an upper 
silicon layer, which is an active layer of the SOI substrate. In particular, 
when the SOI substrate having thin silicon element region of 1 Ami class 
5 (hereinafter, thin SOI substrate) is used, a LDMOS (lateral double diffused 
MOS) device with low junction capacitance can be manufactured. However, 
when the thin SOI substrate is used, it has been difficult to control electrical 
characteristics of the low voltage device by a kink effect, which means a drain 
current increases drastically as a gate voltage increases in the case of the 

10 partially depleted low voltage device applied to logic drive circuits owing to 
the thin silicon element region. In addition, in terms of the process, it is 
difficult to manufacture both the low voltage device and the high voltage 
device compatible with the conventional process of submicron CMOS device 
at the same time, while adjusting the junction depth between the source and 

15 the drain. 

SUMMARY OF THE INVENTION 

Therefore, the object of the present invention is to provide structures 
of a stable low voltage device and a high voltage device with low junction 
20 capacitance by using steps of silicon element regions. 

The other object of the present invention is to provide a method for 
manufacturing a high voltage and a low voltage device compatible with a 
submicron CMOS process on a SOI substrate. 

To achieve the object, in structures of the high voltage and low voltage 
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devices formed on the SOI substrate in accordance with the present invention, 
it is preferable that the height of the low voltage device region of silicon 
element regions in the SOI substrate is higher than that of the high voltage 
device region by steps, and a height of a lower end of a source region and a 
5 drain region in the low voltage device region is equal to that of a upper end of 
the silicon element regions in the high voltage device region. 

To achieve the other object, the method for manufacturing the high and 
the low voltage devices in accordance with the present invention comprises 
steps of; depositing a first oxidation film and a nitride film sequentially on a 

10 SOI substrate where a lower substrate, a buried oxidation film and upper 
silicon layer are sequentially stacked; removing the nitride film and the first 
oxidation film of a high voltage device region by etching, after defining the 
high voltage device region on a total structure; forming the upper silicon layer 
of the high voltage device region thinner than the upper silicon layer of the 

15 low voltage device region by growing a second oxidation film in the high 
voltage device region; removing the second oxidation film and the remaining 
portions of the nitride film and the first oxidation film; forming the high 
voltage device region and low voltage device region by etching the upper 
silicon layer, after defining an device isolation region; forming a p-well in the 

20 low voltage device region, and a p-well and a drift region in the high voltage 
device region; forming a thin gate insulation film in the low voltage device 
region, and a thick gate insulation film in the high voltage device region; 
forming a gate electrode, a LDD(lightly doped drain) region, a sidewall 
oxidation film, a source region and a drain region in the low voltage device 
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region and the high voltage device region, respectively; and forming a source 
electrode and a drain electrode, after depositing an interlayer insulation film 
on an upper surface of a total structure. 

The high voltage device in accordance with the present invention is a 
5 LDMOS device having low junction capacitance, and the low voltage device 
is a MOS device and is compatible with electrical variables and conventional 
CMOS device process. The high voltage device having low junction 
capacitance by using steps of silicon element regions in the SOI substrate, and 
the low voltage device compatible with the conventional CMOS device 

10 process can be readily manufactured at the same time. 

In the case of the high voltage device, it is very important to adjust the 
thickness of the silicon element region in the SOI substrate by using a thermal 
oxidation method. In particular, the thickness of the silicon element region, 
where the high voltage device is formed, should be adjusted to be equal to a 

15 junction depth of impurities of the source and drain in the submicron class - 
low voltage device. And after forming the n-drift region, it is important to 
optimize device structures, distribution of p-well impurity concentration, n- 
drift region, and gate electrode length of a polycrystalline silicon film, etc, 
while adjusting channel length by laterally extending the p-well for forming a 

20 channel. 

In addition, in the case of the low voltage device of submicron jclass, 
ion implantation conditions and the thermal treatment temperature, etc are 
significant variables for optimizing the concentration of p-well impurity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view for explaining structures of the high 
voltage device and the low voltage device in accordance with the prior art. 

Fig. 2A to 2H are cross sectional views for explaining a method for 
5 manufacturing the high voltage device and the low voltage device in 
accordance with the preferred embodiment of the present invention. 

Fig. 3 is a cross sectional view for explaining structures of the high 
voltage device and the low voltage device in accordance with the other 
embodiment of the present invention. 
10 Fig. 4 is a circuit view for explaining a case that the high voltage 

device and the low voltage device in accordance with the present invention are 
applied to pixels of an inorganic ELD. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 Now the preferred embodiments according to the present invention 

will be described with reference to the accompanying drawings. Since the 
preferred embodiments are provided for the purpose that the ordinary skilled 
in the art are able to understand the present invention, they may be modified in 
various manners and the scope of the present invention is not limited by the 

20 preferred embodiment described later. 

Fig. 2A to 2H are cross sectional views for explaining a method for 
manufacturing a high voltage device and a low voltage device in accordance 
with the preferred embodiment of the present invention. 

Referring to Fig. 2A, a first oxidation film 206 is formed on a SOI 
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substrate. The SOI substrate consists of a p-type lower silicon layer 200, a 
buried oxidation film 202, and a p-type upper silicon layer 204. The upper 
silicon layer 204 becomes a silicon device region. The buried oxidation film 
202 is in a range of approximately 1-3 [m in thickness, the silicon device 
5 region 204 is in a range of approximately 1-2 fm in thickness, and the first 
oxidation film 206 is about 300-400 A in thickness. Subsequently, a first 
nitride film 208 is then formed on the first oxidation film 206. The first 
nitride film 208 is in a range of 3000-5000A in thickness, and is preferably 
deposited by LPC VD method. 

10 Referring to Fig. 2 A, after depositing a photoresist (not shown) and 

defining a high voltage device region A by a photolithography process, the 
first nitride film 208 and the first oxidation film 206 in the high voltage device 
region are dry etched. And then a second oxidation film 210 is formed on the 
high voltage device region A. The second oxidation film 210 is in a range of 

15 6000-8000 A in thickness preferably. At this time, it is preferable to adjust 
the thickness of the upper silicon layer 204 of the SOI substrate corresponding 
to the high voltage device region A to be in a range of approximately 0.2-0.5 
[jm by etching, for the purpose of achieving them, the growth and etching 
processes for the second oxidation film can be performed repeatedly. The 

20 general electric furnace can be used for the oxidation growth; however, the 
thickness of the upper silicon layer 204 can be readily controlled by using 
high-pressure oxidation growth process, which is used for fast oxidation film 
growth. 

In the following, referring to Fig. 2C, the first nitride film 208 and the 
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second oxidation film 210 are removed by wet etching, whereby a device 
isolation region B is formed. When the first nitride film 208 and the second 
oxidation film 210 are removed by wet etching, to prevent surfaces of silicon 
layers of high and low voltage device regions from being damaged, the second 
5 oxidation film 2 1 0 is wet etched while leaving some of the second oxidation 
film 210 on the high voltage device region to an extent of predetermined 
thickness, and then the first nitride film 208 is wet etched followed by the 
remaining oxidation films 206 and 210 can be wet etched. The device 
isolation region B is defined by the photolithography process, after the low 

10 temperature oxidation film (not shown) having approximately 4000 A in 
thickness is deposited and a photoresist film is coated thereon. And after the 
low temperature oxidation film is dry etched, the upper silicon layer 204 of the 
device isolation region is etched. Sequentially the photoresist film is removed, 
and then the low temperature oxidation film (not shown) having 

15 approximately 4000A in thickness is removed by etching. 

Referring to Fig. 2D, the third oxidation film 212 is formed in a range 
of 3 00-400 A in thickness on the surface of the total structure. Then a p-well 
214 is formed in the low voltage device region C, and a drift region 216 and a 
p-well 218 are formed in the high voltage device region A. The p-well 214 

20 in the low voltage device region C is formed by coating a photoresist film 
thereon, and defining the p-well 214 region by photolithography process and 
then implanting boron ions. 

After the photoresist film is removed, a first thermal treatment is 
performed in an atmosphere of N 2 and at a temperature of 1150°C . The drift 
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region 216 in the high voltage device region A is formed by coating a 
photoresist film, defining the drift region 216 by photolithography process and 
then implanting phosphorous ions. The p-well 218 in the high voltage device 
region A is formed by coating a photoresist film, defining the p-well region 
5 2 1 8 of the high voltage device by photolithography process, implanting boron 
ions, and then removing the photoresist film. 

Referring to Fig. 2E, a second thermal treatment is performed in an 
atmosphere of N 2 and at a temperature of 1150°C, and the remaining third 
oxidation film 212 is removed. A fourth oxidation film 220 and an insulation 

10 film 222 are deposited on the surface of the total structure, and the second 
nitride film is deposited on field region of the high voltage device and the 
device isolation region. At this time, it is preferable that the fourth oxidation 
film 220 is formed with a thickness in a range of 300-400 A, the insulation 
film 222 is formed by depositing low temperature oxidation film with a 

15 thickness in a range of 5000-7000 A, and the second nitride film is formed 
with a thickness in a range of 2000-3000 A. If photoresist film coating, 
photolithography, and nitride film etching processes are successively 
performed, the resulting second nitride film patterns 224a and 224b are formed 
on the field region of the high voltage device and the device isolation region, 

20 respectively. Alternatively, photoresist film patterns may be selected on the 
field region of the high voltage device and the device isolation region without 
the second nitride film depositing process. 

Next, referring to Fig. 2F, the insulation film 222 is etched to be 
removed by using the second nitride film patterns 224a and 224b as masks. 



After the above second nitride film patterns 224a and 224b are removed, un- 
etched parts 222a and 222b of the insulation film 222 that have not been 
etched are remained. 

Subsequently, a thick gate oxidation film 226 is formed in the high 
5 voltage device region, and a thin gate oxidation film 228 in the low voltage 
device region. And polycrystalline silicon film 230 is deposited on the 
surface of the total structure in order to form a gate electrode. Gate oxidation 
films in the high voltage and the low voltage regions can be made as follows. 
After an oxidation film with a thickness in a range of 200-300 A is grown on 

10 the surface of the total structure, BF 2 ions are implanted in a 1-2 x 10 13 cm" 2 
doses to adjust threshold voltages of devices. And photoresist film is coated 
thereon and oxidation film of a gate region of the low voltage device is wet 
etched through photolithography process, then the photoresist film is removed. 
Next, the gate oxidation film having a thickness of approximately 170 A is 

15 grown, and the resulting thick oxidation film 226 is formed in the high voltage 
device region, and a thin gate oxidation film 228 in the low voltage device 
region. It is preferable that the polycrystalline silicon film 230 is deposited 
to a thickness in a range of 3000-4000 A for forming gate electrodes and 
POCl 3 doping is performed. 

20 Referring to Fig. 2G, gate electrodes 230a, 230b, and LDD regions 

232a, 232b, and 232c are formed in the high voltage device and the low 
voltage device regions. Side wall oxidation films 234a, 234b, 234c, and 234d 
are formed at edges of gate electrodes in the high voltage device and the low 
voltage device regions, and source and drain regions 236a, 236b, 236c, and 
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23 6d are also formed at those edges. 

Gate electrodes 230a and 230b for the high voltage device and the low 
voltage device regions can be formed by coating a photoresist film, and 
performing photolithography and etching process for polycrystalline silicon 
5 film 230. In order to form LDD regions 232a, 232b, and 232c for the high 
voltage device and the low voltage device regions, after coating a photoresist 
film and defining the LDD regions by photolithography, a dose of 
approximately 2x1 0 1 3 cm" 2 phosphorus ions can be implanted. Next, the 
photoresist film is removed, a low temperature oxidation film with a range of 

10 4000 A in thickness is deposited, and a reactive ion etching is performed, 
whereby side wall oxidation films 234a, 234b, 234c, and 234d are formed at 
edges of the gate electrodes of devices. And the oxidation film with a 
thickness in a range of 100-200 A is grown in the source and drain regions 
236a, 236b, 236c, and 236d, then a photoresist film is coated, n + source and 

15 drain regions are defined by photolithography, and arsenic ions are implanted. 
Subsequently, the photoresist film is removed, and then a thermal treatment is 
performed at 900 °C. 

Referring to Fig. 2H, an interlayer insulation film 238 is deposited on 
the surface of the total structure. The interlayer insulation film 238 can be 

20 deposited to have a thickness of 6000 A at low temperature. At this time, 
TEOS(Tetra Ethyl Ortho Silicate) with a thickness of 1500 A and BPSG(Boro 
Phosphor Silicate Glass) with a thickness of 4500 A can be used as the 
interlayer insulation film 238. 

Source electrodes 240a and 240b and drain electrodes 242a and 242b 



of each device are formed in the high voltage device region and the low 
voltage device region, respectively. 

In other words, after coating a photoresist film, contact holes of n + 
source/drain regions are formed in the high voltage device region and the low 
5 voltage device region through photolithography and dry etching, and then a 
metal layer is formed on the front surface of the substrate and patterned by 
photolithography and metal etching process, whereby the source electrode 
240a and the drain electrode 242a of the high voltage device and the source 
electrode 240b and the drain electrode 242b of the low voltage device are 

1 0 formed. At the same time, metal gate electrodes (not shown) of each device 
are formed and metal thermal treatment process is performed at last, the 
resulting high voltage nLDMOS device and the low voltage nMOS device for 
power drive IC and pixels of an inorganic ELD are manufactured. 

Hereinafter, structures of the high voltage device and the low voltage 

1 5 device in accordance with the other embodiment of the present invention will 
be explained. 

Fig. 3 is a cross sectional view for explaining the structures of the high 
voltage and the low voltage devices in accordance with other embodiment of 
the present invention. Components shown in Fig. 3 are the same as those 
20 shown in Fig. 2H, the components are only things that have the same most left 
digit of the reference symbols in Fig. 3, as those in Fig. 2H 

Referring to Fig. 3, this corresponds to the case that a field insulation 
film 322a of the high voltage device is grown to be the thermal oxidation film, 
and this helps to explain a method having compatibility with conventional 
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device characteristics and submicron CMOS process, compared to Fig. 2H. 

In the embodiment shown in Fig. 3, the thickness of silicon device 
regions where the high voltage device are formed on a SOI substrate should be 
adjusted to be equal to a junction depth of impurities of the source and drain in 
5 the low voltage device, in the same manner as Fig.2H. 

Fig. 4 is a circuit view for explaining an example that the high voltage 
device and the low voltage device in accordance with the present invention are 
applied to pixels of an inorganic ELD. 

Referring to Fig. 4, a horizontal line indicates a Select line, and a 
10 vertical line indicates a Data line. 

nMOS is the low voltage device in accordance with the present 
invention, and nLDMOS is the high voltage device in accordance with the 
present invention. 

Cs, Cdv, and C EL are a storage capacitance, a junction capacitance of 
15 the high voltage device, and a capacitance of EL(electroluminescence) device, 
respectively, and HVAC is an alternating power voltage applied to pixels. 

According to the method for manufacturing the high and low voltage 
devices of the present invention, the high voltage device having low junction 
capacitance and the low voltage device compatible with the conventional 
20 CMOS process can be manufactured at the same time 

Although the present invention has been described in conjunction with 
the preferred embodiment, the present invention is not limited to the 
embodiments, and it will be apparent to those skilled in the art that the present 
invention can be modified in variation within the scope of the invention. 
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As described above, in accordance with structures of the high voltage 
device and the low voltage device and a method for manufacturing the same of 
the present invention, silicon device regions in the SOI substrate are divided 
into the high voltage region and the low voltage region and steps are formed 
5 there between by the oxidation growth method, whereby the high voltage 
device having low junction capacitance can be made, and the low voltage 
device compatible with the conventional CMOS process and device 
characteristics can also be made at the same time. In addition, integration 
and resolution of display pixels can be improved through the fine patterning 
10 and process optimization. Furthermore, the structures of the high and the low 
voltage devices and the method for manufacturing the same of the present 
invention can be applied for various power drive ICs requiring high voltage, 
high speed and high performance, as well as display pixels. 
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